Very recently, the National Toxicology Program reported a correlation between exposure to whole body 900 MHz radio frequency radiation and cancer in the brains and hearts of Sprague Dawley male rats. Assuming that the National Toxicology Program is statistically significant, I propose the following explanation for these results. The neurons around the brain and heart form closed electrical circuits and, following Faraday's Law, 900 MHz radio frequency radiation induces 900 MHz electrical currents in these neural circuits. In turn, these 900 MHz currents in the neural circuits generate sufficient localized heat in the neural cells to shift the equilibrium concentration of carcinogenic radicals to higher levels and thus, to higher incidences of cancer.
Very recently, the National Toxicology Program [1] reported a correlation between exposure to whole body radio frequency radiation and cancer in Sprague Dawley rats. In particular, they reported the following results: (1) Excess cancers were found only in male rats. (2) Only brain cancers (gliomas and brain lesions) and heart cancers (schwannomas) were found. Schwannomas are cancers of the neural cell sheaths. ( 3) The incidence of cancer increased as the 900 MHz radio frequency intensity increased from 0 to 6 Watts/kilogram. (4) Even at the highest radio frequency power, 6 W/kg, this power was insufficient to significantly increase the rats' average body temperature. (5) The rats exposed to radio frequency radiation lived longer than those rats that were not exposed. One of the authors also mentioned that some previous studies had found similar brain and heart excess cancers in humans due to radio frequency radiation [2] . It should be mentioned that a minority of the reviewers of this study questioned the significance of the results.
Theoretical understanding of the interaction between animals and electromagnetic radiation has a long and complicated history. Physicists in general have been very skeptical of any connection between any non-ionizing radiation and cancer. The classic paper by Adair on weak extremely low frequency (60 Hz) electromagnetic fields concluded that "such interactions are too weak to have a significant effect on human biology at the cell level. [3] " Adair applied Faraday's Law to a cell radiated with weak 60 Hz electromagnetic fields and concluded that the induced electric field is small compared to thermal noise induced electric fields. Even this author expressed skepticism about cell phone radiation (900 MHz) causing cancer by using an analogy with Einstein's theory of the photoelectric effect-the 900 MHz photon energies are about a million times less than the energy needed to break chemical bonds [4] . Recently, Barnes and Greenebaum proposed that weak static (0 Hz) magnetic fields could change the recombination rate of radical pairs and thus change the concentration of carcinogenic radicals like O 2 -in cells. [5] Assuming that the National Toxicology Program is statistically significant, I propose the following explanation for these results. The neurons around the brain and heart form closed electrical circuits and, following Faraday's Law, 900 MHz radio frequency radiation induces 900 MHz electrical currents in these neural circuits. Given that these neural circuits could be one neuron thick, these 900 MHz currents in the neural circuits could generate sufficient localized heat in the neural cells to significantly raise the temperature of the neural and neighboring cells and shift the equilibrium concentration of carcinogenic radicals in these cells to higher levels and thus, to higher incidences of cancer.
Consider a neural circuit on the surface of the brain or the heart in the shape of a circle of radius r. From Faraday's Law, the induced voltage, V, in the neural circuit is equal to minus the time derivative of the magnetic flux crossing the closed circuit. Assuming that the radio frequency magnetic field is B = B o cost where B o is a constant and /2 = 900 MHz, then V = B o sint r 2 and is proportional to B o , r 2 and . The resistance of the neural circuit, R, is proportional to its circumference and thus proportional to r, since the size of neural cells is largely independent of the size of the animal. Then heat generated in the neural circuit, P = V 2 /R, is proportional to B o 2 ,  2 , and r 3 and the heat generated per unit length of the neural circuit is This model is reasonably consistent with the experimental observations. The cancers are found near neurons, found in large organs that are surrounded by or largely consist of neural cells, like the brain and the heart, but not found in small organs like the thyroid or the kidney or in large organs not surrounded by or consisting of neural cells like the lung or the liver. The incidence of cancer increased with the radio frequency intensity which is proportional to B o 2 . Even though the rats' average body temperature does not increase significantly, there could be significant local heating of these neural circuits undetected by the National Toxicology Program. Given that male Sprague Dawley rats are on average about 60% heavier (and thus about 60% larger) than female Sprague Dawley rats at 15 weeks of age, the model does predict a higher incidence of cancer in male rats than female rats, but my guess is that sex hormone differences play a bigger role in this difference between male and female rats. Finally, this model is consistent with a recent article by A. A. Burlaka, et. al, reporting the overproduction of free radicals in quail embryonal cells exposed to cell phone radiation [6] .
This model makes some predictions. Given that the male Sprague Dawley rats at age 15 weeks range in weight (and thus size) from 320 grams to 460 grams, this model predicts that the larger male rats should have a higher incidence of cancer than the smaller male rats. This model also predicts that the incidence of cancer should increase as the square of the radio wave frequency, assuming that the resistance of the neural circuit does not change with frequency.
Finally, how are these ideas connected with the relationship between cell phone radiation and cancer in humans? At first glance, one might conclude that the incidence of cancer due to cell phone radiation should be much greater in humans than in rats, because our hearts and brains are so much bigger. Let me caution against such simple logic for the following reasons: 1. Rats are not perfect analogues to humans; there are diseases found in rats that are not found in humans and visa versa. 2. The rats were exposed to radiation 9 hours a day from utero to the time they were killed; the exposure in humans is much less. 3. The radiation actually increased the lives of the rats; if the same is true in humans, many human autopsies would not be looking for these types of cancers.
